Cracking of large, firm sweet cherry fruits and the subsequent fungal decay are two great problems in many areas with wet climate such as in Latvia. These factors cause serious losses of yield. It is known that fruit cracking is caused by water absorption through the skin (Christensen, 1973; 1996; Sekse, 1998; 2008) . To protect the fruit surface from rain and subsequent cracking, as well as rotting, and to maintain fruit quality, plastic covers are often used (Meland and Skjervheim, 1998; Balkhoven-Baart and Groot, 2005; Meland, 2005; Simon, 2006) . However, some of the systems have not only a positive influence on fruit quality, but also some negative aspects (Lang et al., 2011) .
INTRODUCTION
Cracking of large, firm sweet cherry fruits and the subsequent fungal decay are two great problems in many areas with wet climate such as in Latvia. These factors cause serious losses of yield. It is known that fruit cracking is caused by water absorption through the skin (Christensen, 1973; 1996; Sekse, 1998; 2008) . To protect the fruit surface from rain and subsequent cracking, as well as rotting, and to maintain fruit quality, plastic covers are often used (Meland and Skjervheim, 1998; Balkhoven-Baart and Groot, 2005; Meland, 2005; Simon, 2006) . However, some of the systems have not only a positive influence on fruit quality, but also some negative aspects (Lang et al., 2011) .
Under cover, pest damage caused by cherry aphids (Myzus cerasi) can increase above damage thresholds (Lang et al., 2011) causing reduced growth and yield. However, the slightly shaded conditions under the constructions can promote tree development, growth and yield, and the air temperature can be more stable and suitable. In young orchards, trees under cover can faster fill in the available space with fruit-bearing laterals (Lang et al., 2011) .
The production of fruit crops under cover (also tunnels) requires a high potential market value to justify the added expense of constructions and orchard management costs. The market returns for fresh sweet cherry fruit could be effective, especially in a market insufficiently supplied with local production, as in Latvia (Skrivele et al., 2008) . In this study, we determined the effect of a cover system set up in an orchard at the stage of production. It was thought that the investments of the cover system could be returned in comparably shorter time. The objective of this investigation was to assess the reaction of the cultivars grown under the VOEN cover system.
MATERIAL AND METHODS
The study on the effects of the VOEN cover (www.voen.eu) was conducted in 2009-2012 on two cultivars (early ripening 'Iputj' (syn. 'Iput') and medium ripening 'Krupnoplodnaya') in an orchard, where one part of the trees was covered. The trial was performed with three replications. Cultivars were placed alternately with three trees per plot.
The study was set in a trial orchard planted in 1998 (Ruisa and Rubauskis, 2004) , in which the effect of rootstock and soil ammendment was studied previously. In the present study, the effect of rootstock and soil ammendment not considered and the average data for trees on rootstocks Gisela 4, Gisela 5 and Weiroot 154 were used.
The VOEN cover system was installed in 2008. Tree canopy was fitted to the cover system by reducing tree height, narrowing and renewing tree canopy in the second part of the growth season. The same procedure was performed in PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 67 (2013) Plant protection and orchard management were provided as required, following the principles of Integrated (sustainable) Fruit Production (IFP).
The following parameters were assessed: flowering intensity (0-10 points), yield per tree, kg, size, shape and colour of fruits when harvested, weight of 50 fruits, percentage of damaged fruits at harvest -rain-induced cracking, disease infection and bird pecks, soluble solids (Brix) and total phenol concentrations of fruits, tree height and width in two directions to calculate the canopy volume as suggested by I. Dimza (Rubauskis et al., 2011) . SPSS for Windows was used for statistical analysis of data by ANOVA and Pearson bivariate correlation.
RESULTS
Cultivar 'Iputj' had significantly larger canopy volume than other cultivars in 2009 (Table 1 ). There were no significant differences in volume between cultivars in 2011. The canopy of trees did not significantly different between orchards with and without cover in 2009 and 2011.
In both parts of the orchard, flowering intensity was similar ( Table 2) in 2009-2012. In 2012, cultivar 'Iputj' had significantly higher flowering intensity than 'Krupnoplodnaya'. In 2012, the interaction of factors (cultivars and VOEN cover) was also statistically significant. Lower flowering intensity was observed for 'Krupnoplodnaya' under cover. In the area without cover, the difference between cultivars 'Iputj' and 'Krupnoplodnaya' was not significant at 95% probability.
The yield under cover was similar to that without cover in the first season and no cultivar effect was found (Table 2) . There was a small positive influence of cover on yield in 2010, when the tree canopy started to form new branches. However, this effect of cover was not observed every year. In 2011 and 2012, the proportion of marketable fruit was significantly higher under VOEN cover (Table 3 ). In 2011, the proportion of marketable fruit was 70% for both cultivars under cover, but without cover only 50%. In 2012, the proportion of marketable fruits was 85% for both cultivars under cover, but without cover only 53% (Table  3) . A significantly larger marketable yield under VOEN cover was obtained in 2012 (Table 3) . On average, for the cultivars the marketable yield was 8.3 kg per tree under cover; 9.2 kg and 7.4 kg, respectively, for 'Iputj' and 'Krupnoplodnaya'.
The amount of damaged (int. al. cracked) fruit differed yearly in relation to precipitation and air humidity during the fruit ripening period. In 2009, cracked fruits were observed on cultivar 'Krupnoplodnaya' without cover, when more precipitation was observed in the second decade of July (Table 4 , Fig. 1 ). In 2011 and 2012, more cracked fruits occurred on cultivar 'Iputj' without cover, due to high relative air moisture and precipitation in the end of June and beginning of July (Fig. 1) .
A significantly larger amount of fruits of cv. 'Krupnoplodnaya' was found damaged by fruit rot comparing with 'Iputj' in 2011 and 2012 (Table 4) , especially in the area without cover. More fruits of cultivar 'Krupnoplodnaya' were observed to be cracked and rotted than 'Iputj'. In 2012, when precipitation was heavier and more frequent ( Fig. 1) , twice more rotten fruits occurred under VOEN than in 2011. The difference proportion of rotted fruits between areas was 22% in 2011, but only 11.5% in 2012.
In 2009, many bird pecks were observed in both parts of the orchard (Table 4 ). The cultivars differed in cultivar ripening time, which caused differences in bird-caused damage due to bird (starling) migration. In general, the yield loss due to bird damage was significantly lower under cover comparing with the orchard part without cover, especially in 2011 and 2012 for cultivar 'Iputj'.
The cultivars differed in fruit weight. The cultivar 'Krupnoplodnaya' had larger fruits. The influence of the cover was found in the third and fourth years of observation (Table 5) . In 2011, under VOEN the fruits were 9-10 % larger, but in 2012 even 16-19% larger than without cover.
In 2011, fruits under VOEN had higher concentration of soluble solids and total phenols, compared to those in the uncovered area. In 2012, no significant difference of fruit biochemical content between orchard parts was not found. A significant difference between cultivars was found: 2.7 2.5 * small letters (a and b) mark significant differences between data of orchard areas at probability level 95%, symbols I and II show significant differences between cultivars.
cultivar 'Krupnoplodnaya' had higher soluble solid content in 2011 (Table 6) , and cultivar 'Iputj' had higher phenol concentration in 2011 and 2012.
DISCUSSION
After modification of the sweet tree canopy fit the frame of the cover system in 2008, a tendency of increase of canopy volume was found under cover, especially for cultivar 'Krupnoplodnaya'. There was also a positive correlation between trunk cross-section area and canopy volume (r = 0.75). The canopy volume increased due to the growth of new shoots, but not due to increase of tree height (Table 1) . More vigorous tree growth under cover, compared to that without cover, was also observed in other investigations (Blanke and Balmer, 2008) .
The reduction of flower amount in the first season in the orchard with cover cannot be explained by the effect of VOEN cover, as it was installed only in 2009. Smaller flowering intensity of 'Krupnoplodnaya' under cover was observed in 2012 (Table 2) , which can be explained by larger tree canopy volume.
However, cover had effect on marketable yield, in relation to yield and amount of different damage caused by rain, pests, birds etc. The marketable yield under cover was 12.4 and 28.6% more than in the uncovered area for cultivars 'Krupnoplodnaya' and 'Iputj', respectively (Table 3) . In 2012, the difference reached 30.6 and 33.9%, respectively. Similar results have been obtained in Norway, where three covering methods increased the proportion of marketable fruits from 54% on uncovered to 89% on covered trees (B¸rve et al., 2003) .
Even under fully covered tunnels, fruit cracking can be observed (Christensen, 1996) . In our trial cracked fruits were found also under cover, and in 2011 the amount of cracked fruits reached even 22-26% (Table 4) . A significant difference between orchard parts was not always observed, and depended on cultivar ripening time and weather at that time.
The consequence of fruit cracking is fruit damage by pathogens, which causes fruit rot. Fruit decay organisms need high water content or high relative humidity for infection (Ogava et al., 1995) . Monilinia laxa (causing brown rot) and Botrytis cinerea (causing gray mold) are the most frequently observed pathogens in Norway (B¸rve and Stensvand, 2003) . Similar to the results of our observation, in Norway covering of sweet cherries from three weeks prior to harvest and throughout the harvest period reduced fruit cracking significantly and fruit decay Stensvand, 2003, B¸rve et al., 2008) . However, the cover did not fully prevent yield loss under cover, as observed in other regions (Balmer, 1998) . In our trial even under cover, 4-11 % (Table 4 ) of fruits were damaged by rot caused by Monilinia laxa and Botrytis cinerea.
Fruit pecks by birds were reduced when bird control devices were used in the third and fourth seasons of investigation. In our trials, a comparably small area was covered with VOEN. Probably, in larger covered fields, birds will damage fruits in a smaller amount. In our conditions, VOEN cover alone did not protect the yield (Table 4 ). In our case, the orchard sides need be shielded by net. In a study conducted at Michigan State University, a high tunnel cover system had some negative effects on cherry on yield in some years, due to decreased pollination by insects (Lang, 2009) . With the VOEN used in our trial, pollination was not blocked as the lateral sides of trees were not closed.
In our trials, fruits were lager in the last two seasons (Table 5) which may be explained by a positive effect of temperature. However, it has been observed that under full cover the fruits can be slightly smaller, softer, but attractively coloured and taste better (Blanke and Balmer, 2008) , when temperature increases.
Variation of qualitative parameters of fruits, such as concentration of soluble solids and phenols, was found (Table 6), perhaps due to the degree of maturity at harvesting. The effect of rain cover on fruit quality has been various also in other investigations. The concentration of soluble solids was significantly lower in fruits of cultivar 'Van' grown under umbrella type cover, which was explained by stress due to a changed microclimate in the canopy (B¸rve and Meland, 1998) . In that study, there were no differences in soluble solid concentration among other variants -permanent cover with polyethylene sheets from top, covering only when raining and uncovered trees
In conclusion, a significant effect of VOEN cover on total yield was not shown, but some positive tendencies were observed. There was an increase of marketable yield and decrease of amount of fruits damaged by rot when grown under VOEN. Fruits destroyed by birds (bird pecks) varied year by year. In first part of observation, many damaged fruits were observed also under VOEN, but in the following period under cover fruits were less damaged, when bird control devicess were used. The fruits of sweet cherries were larger under cover. A positive effect concentration of soluble solids and total phenols was shown for cultivar 'Krupnoplodnaya' in 2011.
